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ABSTRACT  
Several experimental procedures have been established to determine the convective 
heat transfer coefficient, a frequently used parameter in many engineering 
disciplines. Almost all of these methodologies focus on point or spatially averaged 
values. Yet, in many studies the spatial profile of the local convective heat transfer is 
of importance. In this paper, a methodology to determine such spatial profile is 
proposed. In this method, experiments are combined with Monte Carlo simulations. 
Such an approach makes it possible to account for inaccuracies in the input data. As 
an example, the methodology is applied to determine the spatial profile of the local 
convective heat transfer coefficient near a corner for two thermal bridge 
configurations. The temperature difference between interior surface and indoor air is 
found to restrict the applicability of the method. Nonetheless, for the case with a 
sufficient temperature difference, the order of magnitude of the convective heat 
transfer coefficients further away from the corner is in line with literature data. An 
important limitation of the technique at this stage of its development is, however, its 
requirement for prior knowledge of the equation that describes the spatial profile of 
the convective heat transfer coefficient. Despite these drawbacks, the methodology 
shows much potential and can be valuable for other applications as well.       
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 INTRODUCTION  
The convective heat transfer coefficient is a frequently used parameter in many 
engineering applications, such as construction engineering,1-4 electrical 
engineering,5,6 physiological engineering7,8 and micro-scale engineering,9 to name 
only a few. This coefficient, hc (W/(m2K)), avoids the explicit and often complicated 
modelling of the momentum, mass and heat exchange between a surface and a 
zone, because it directly expresses the relationship between the convective heat flux 
qc (W/m2) and the difference between surface temperature Ts (K) and zone 
temperature Ti (K) as given in equation (1): 
 
  = ℎ − 	
 (1) 
 
Different methodologies for direct or indirect experimental determination of the 
convective heat transfer coefficient are available and are reviewed below. These 
methodologies mainly focus on point or spatially averaged values, which are 
subsequently dominant in the literature.10-13 However, more precise spatial profiles of 
the local convective heat transfer coefficient are often required to allow accurate 
simulations.  
This paper presents a methodology for the determination of the spatial profile of the 
interior convective heat transfer coefficient in buildings. The spatial profile of the 
interior convective heat transfer coefficient is of crucial importance as it can have a 
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significant influence in energy simulations14 and in mould growth assessments,15,16 of 
which the latter are of importance for occupant health and material degradation 
related issues. Despite its importance, previous studies on the convective heat 
transfer coefficient on building components are mainly performed on isolated free-
edge surfaces,17-19 hence resulting in coefficients that are actually inappropriate for 
surfaces in real buildings. Efforts to solve the latter shortcoming can be found in more 
recent studies focusing on the convective heat transfer coefficient for surfaces in two- 
and three dimensional enclosures.20-21 Furthermore, attention has been drawn to the 
influence of a potential scale effect,20 and hence measurements on real-size building 
enclosures with realistic boundary conditions are preferred to obtain realistic 
convective heat transfer coefficients.22 
Notwithstanding these efforts to increase the reliability of measurements on 
convective heat transfer coefficients, the determination of the spatial profile of the 
local convective heat transfer coefficient has received little attention so far. This 
results in a scarcity of studies applying such a spatial profile,23 even though its use is 
desirable to achieve an accurate determination of, for instance, the local surface 
temperature near a corner. A determination methodology to achieve this spatial 
profile is hence required. In this respect, an important study was performed within the 
framework of the IEA ECBCS Annex 14-project,10,24 in which the heat transfer 
coefficient near edges and corners has been studied based on a test corner in the 
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laboratory. This corner configuration together with the material’s thermal conductivity 
and the measured surface temperatures were used as an input to a computer 
program to calculate the heat flux distribution. The division of the local heat fluxes 
and the difference between the reference and local surface temperatures yielded a 
spatial profile of the total heat transfer coefficient, which was afterwards split into a 
radiative and convective part. A closer look at the study indicates though that the 
outcomes achieved for the convective heat transfer coefficients near the corner 
disagree with the common physical expectations, given that the study indicated an 
increase of the convective heat transfer coefficient towards the corner. Possibly, 
small inaccuracies in certain measurements such as surface temperatures, especially 
near the corner, may have had a significant impact in the calculation, and thus may 
lie at the root of these seemingly erroneous results.  
The methodology described in the current paper combines experimental 
measurement and numerical interpretation to determine a spatial profile for the local 
convective heat transfer coefficient. The Monte Carlo analysis takes into account a 
spread on the input due to potential noise in the measurement data. 
The current paper focuses on the convective part of the heat transfer, while including 
radiation in total heat exchange. An accurate implementation of the total heat 
exchange is important for the determination of, for instance, the local surface 
temperature. Separate implementations of convection and radiation are, however, 
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preferable since these two types of heat exchange represent different physical 
phenomena. Presently, such separation is already applied in many building 
simulation models.25,26 For the radiative part, this implies a rather straightforward 
implementation of the radiative heat exchange between subsections of surfaces at 
different temperatures.27 The implementation of the convective heat transfer remains 
challenging though, especially for local phenomena.28-31    
BRIEF LITERATURE REVIEW 
This section gives an overview of the main methodologies currently applied in several 
engineering applications to determine the convective heat transfer coefficient. 
Experimental as well as numerical methodologies are available. As a consequence of 
the increasing computational power, computational fluid dynamics (CFD) based 
techniques have become progressively more popular.32-35 The overview in the current 
paper, however, focuses on experimental procedures. Full-scale2,22,36,37 or wind-
tunnel experiments38,39 can be distinguished. The main experimental methodologies 
can be subdivided into (1) mass transfer methodologies, (2) stationary heat balance 
methodologies and (3) transient heat transfer methodologies. 
Mass transfer methodologies 
In mass transfer methodologies, the moisture transfer coefficient is measured. This 
coefficient can be converted to the convective heat transfer coefficient by means of 
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the heat and mass analogy.40 The best known mass transfer method is the 
naphthalene sublimation technique,41,42 although other mass transfer methods can 
also be found.43 In the naphthalene method, naphthalene, which sublimates at room 
temperature, is applied to the test setup. Based on the change in weight of small 
pieces of naphthalene obtained during a specified measurement period, the mass 
transfer rate from each investigated surface can be calculated. Another possibility is 
to measure the sublimation depth or the time needed for a thin film of naphthalene 
sprayed on a transparent substrate to vanish.44,45,46. This makes the determination of 
the local mass transfer coefficient possible.  
A disadvantage of the naphthalene sublimation technique is its high sensitivity to the 
surface temperature41,45. Furthermore, Mendes41 mentioned the difficulty to control 
the naphthalene sublimation technique for natural convection experiments, resulting 
in poor repeatability. More importantly, the heat and mass analogy is not always valid 
for interior boundary conditions.47 On the other hand, since a conversion of the 
moisture transfer coefficient by the use of heat and mass analogy immediately results 
in the convective heat transfer coefficient, no correction for radiation is required.  
Stationary heat balance methodologies 
Another type of methodology frequently applied to calculate the convective heat 
transfer coefficient at building components makes use of the stationary heat balance 
equation.22,37,48 In this approach, the convective heat flux is derived from the total 
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heat flux by correcting for the radiative part (Appendix 1). Next, the convective heat 
flow is divided by the temperature difference between surface and air to come to the 
convective heat transfer coefficient.  
The total heat flux in this approach can be obtained via a heat flux sensor. Such 
rather direct methodology induces a number of drawbacks though. Indeed, heat flux 
sensors are rather expensive and their disturbance of the air flow is, moreover, 
detrimental to the measurement’s reliability. These drawbacks have therefore led to 
modified methodologies by making use of flux meters embedded in the test setup or 
even avoiding flux meters. An example of such a modified methodology is the heated 
plate method.1,20,36 In this method, a heated test panel is attached to the investigated 
surface. Loveday and Taki,36 for instance, used a test panel composed of a heater 
mat sandwiched between an aluminium plate and an internal copper plate, which 
provided a uniform heat flow for detection by a heat flux meter with which it was in 
contact. The heat flux meter, in turn, was shielded with an external copper plate. The 
implementation of a heat flow meter can, however, be avoided by measuring the 
power input to the plates.20,49 
Although frequently applied, the heated plate method does not provide suitable 
results for real buildings.50 A similar method can, however, be applied without a 
heated plate. Khalifa and Marchall,51 for instance, used a second zone to control the 
exterior surface temperature of a vertical wall of the real test zone and used the wall 
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material itself as a heat flux meter. Also, Wallentén22 used a similar calculation 
method, though based on the conductive – and thus total – heat flow through a real 
building element with known thermal conductivity instead of through a heated plate. 
For a one-dimensional wall assembly, this method can be applied rather easily. The 
interior and exterior surface temperatures can be measured. Thus, with the thermal 
conductivity of the wall elements known, the conductive heat flow through the wall, 
qcond (W/m2), can be determined as defined by equation (2): 
 
  = 	 − 	  (2)  
 
where Tse/si is the exterior/interior surface temperature (K) and Rwall is the total 
thermal resistance of the wall ((m2K)/W). Next, the interior convective heat flow qc 
(W/m2) can be obtained by equation (3) by subtracting the radiative heat flux qr 
(W/m²) (see Appendix 1) from qcond (W/m2):  
 
  =  −  (3) 
 
Finally, by measuring the indoor air temperature Ti (K), the interior convective heat 
transfer coefficient hci (W/(m2K)) can be calculated as given in equation (4):  
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 ℎ = 	 −  (4)  
 
A similar calculation can be performed for the exterior convective heat transfer 
coefficient. In that case though, short-wave radiation should be considered or 
nocturnal measurements should be used.   
Whereas the methodology without heating plates is more in line with a real-life 
situation, it has drawbacks. Although a simple analytical calculation will suffice to 
solve the heat balance for a one-dimensional problem, calculating the spatial 
distribution of the heat transfer coefficient based on the heat balance approach is 
rather complicated. In-house experience indicates, for example, that small 
uncertainties in the temperature measurement can result in physically unrealistic 
results and even a numerically indeterminate problem. 
In addition to the methodologies mentioned above, some studies suggest the 
measurement of the surface temperature profiles in the near-wall boundary layer to 
deduce the convective heat transfer coefficient.50,52,53 These studies were based on 
the measurement procedure originally developed by Mayer, in which a ‘Mayer ladder’ 
is applied to measure the temperature profile from the (wall) surface to the air.52 
Based on this profile, the thickness d (m) of the thermal boundary layer can be 
determined, which in turn defines the convective heat transfer hc (W/(m2K)) by 
equation (5): 
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 ℎ =   (5) 
 
with λair the thermal conductivity of air (W/(mK)). A determination of the spatial profile 
based on this principle is, however, complex. 
Transient heat transfer methodologies 
Transient methodologies are firmly established as well.54 In these methodologies, the 
temporal evolution of the surface temperature is observed and combined with the 
solution of the transient conduction equation. Conventionally, a step-change in air 
temperature is imposed as boundary condition.55 This is often difficult to achieve 
though. Therefore, Newton et al.56 proposed an exponential-series technique to 
represent the rise in air temperature in ‘slow transient’ experiments. The surface 
temperature is often measured with thermochromic liquid crystals49,57-60, which 
display colours whose wavelengths are proportional to temperature.      
The transient methodologies as currently applied do, however, neglect potential 
inaccuracies associated with the measured temperatures and the material properties, 
which can bring about significant uncertainties to the calculated heat transfer 
coefficient.61,62  
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PROPOSED NOVEL METHODOLOGY  
General principle  
For the determination of the spatial profile of the local convective heat transfer 
coefficient, using the methodologies mentioned in the previous section is difficult or 
even impractical. In the current study, a novel procedure that allows determination of 
such a spatial profile is presented. This procedure combines experimental 
measurements and numerical analysis and is based on the ‘heat balance method’. A 
schematic overview of the methodology is given in Figure 1.  
In the experimental part, the exterior surface of a wall construction was exposed to a 
specific surface temperature. Inside the test room, heating ensured a specific air 
temperature. After achieving steady-state conditions, the spatial temperature profile 
at the interior surface was measured. Based on these data, the spatial interior 
convective heat transfer coefficient was determined. To this end, the measurements 
were compared to simulations. Because of the two- (or three-) dimensional nature of 
the configuration, the analytical determination approach was replaced by a numerical 
analysis simulating the heat transport in the construction. Furthermore, instead of a 
single calculation, a Monte Carlo analysis was performed. In this way, the problem 
was solved inversely.  
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Figure 1. Schematic overview of the determination procedure for the spatial profile of the 
convective interior heat transfer coefficient.  
 
The main unknown parameters in the Monte Carlo analysis were the spatial profiles 
of the local convective interior heat transfer coefficient. To achieve the most 
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appropriate spatial profiles of the local convective interior heat transfer coefficient, the 
numerically calculated temperature profiles at the interior surface were compared to 
the experimentally obtained profiles. The interior convective heat transfer coefficient 
profiles that resulted in the best match between simulated and measured interior 
surface temperatures were assumed to yield the desired coefficients.  
Experimental setup 
Test configurations 
The spatial profile of the convective heat transfer coefficient near a corner was 
experimentally investigated for two configurations (see Figure 2): 
1) Configuration 1: an uninsulated exterior corner,  
2) Configuration 2: a junction between an exterior wall with 6 cm interior insulation 
and an uninsulated interior wall.  
The two wall configurations were investigated to examine the applicability of the 
proposed methodology, which is important for the validation purpose. A discussion on 
the thermal performance of the configurations and on the influence of the spatial 
profile of the convective heat transfer coefficient can be found in Vereecken65.   
To determine the spatial profile of the local convective heat transfer coefficients for 
the two configurations, a test corner was built in the laboratory. A schematic view of 
the test setup is shown in Figure 3. The total height of the test corner was 2 metres. 
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A horizontal masonry strip of 60 cm height was built (Figure 3(a)). Above and below 
the masonry, cellular concrete was used to act as a good insulation layer. At the 
interior masonry surface, a lime plaster was applied. To measure the interior surface 
temperature as a function of the distance from the corner, thermocouples were glued 
or taped to the surface. After an individual calibration of the thermocouples an 
accuracy of ±0.1°C was achieved. This accuracy does not take into account potential 
deviations caused by fixing (e.g. gluing or taping) the thermocouple to the surface. 
However, as extra attention was paid to proper positioning of the thermocouples we 
assume that this extra inaccuracy was of minor importance in our test case. For 
Configuration 1, the position of the different thermocouples is shown in Figure 3. In 
order to measure the temperature profile near the interior corner in more detail, the 
distance between the thermocouples was small near the interior corner. As a more 
one-dimensional heat flow and hence a spatially more constant surface temperature 
was expected further away from the corner, the thermocouples became more 
sparsely distributed. For Configuration 2, extra thermocouples were glued on the 
interior insulation layer. Also for the latter configuration, the thermocouples were 
clustered near the interior corner after placing interior insulation. The thermocouples 
were glued at the half height of the masonry layer. 
For Configuration 1 (exterior corner), liquid-cooled cold plates were placed at the 
exterior masonry surfaces to simulate the exterior climate. The cold plates’ 
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temperatures were controlled by two cooling units, one for each wall. Thermocouples 
were glued to the exterior masonry surface (between the masonry and the liquid-
cooled cold plate) to enable accurate control of the cooling units. To avoid cooling of 
the laboratory space, the liquid-cooled cold plates were covered with insulation at the 
side of the laboratory (Figure 3(b)). For Configuration 2 (junction between an exterior 
and an interior wall), a liquid-cooled cold plate was placed on the 31.5 cm thick 
masonry wall only. On the 21 cm thick masonry wall, an insulation layer was placed 
at the exterior surface to provide an adiabatic plane at the outer side of this wall. 
Hence, a test setup of half the junction suffices to study the thermal behaviour of 
Configuration 2. 
Edge effects at the far end of the walls were avoided by an insulation board. To 
obtain a controlled indoor temperature, a closed environment was built (Figure 3). 
This also protects the test corner from the influences of the laboratory (e.g., air 
movements caused by the HVAC installation or by people, radiation exchange 
between the wall and objects in the laboratory). The indoor temperature was 
controlled by infrared lamps. A uniform room temperature was obtained by use of two 
small fans. To avoid the influences of radiation from the infrared lamps and air 
circulation by the fans on the measurement, the test corner was shielded with two 
vertical boards and a horizontal board at the top of the construction. In the test room, 
the air temperature at 0.5 m from the walls was measured by a thermocouple 
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shielded with tin foil. This thermocouple was positioned at 95 cm above the floor, 
which was the same height as the position of the thermocouples on the wall surface.  
 
a) 
 
b) 
 
Figure 2. Test configurations: (a) exterior non-insulated wall, (b) junction between insulated 
exterior wall and non-insulated interior wall. 
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Figure 3. Experimental test setup for Configuration 1 (exterior corner). Inset (a) test setup 
before the liquid-cooled cold plates were placed, (b) test setup with the liquid-cooled cold 
plates and the cooling units (before the closed environment was built).   
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a) 
 
b) 
 
Figure 4. Temperature at the exterior surfaces of the different configurations (see Figure 2). 
The indices x and y refer to the directions shown in Figure 3. The markers indicate the 
measurement points.  
 
Boundary conditions 
In the different measurements, the configurations were exposed to steady-state 
conditions. As an example, the proposed methodology was applied to the two 
configurations shown in Figure 2 which were exposed to an exterior surface 
temperature of approximately 4°C. The real measured temperatures at the exterior 
masonry leaf together with the fit through the experimental data are shown in Figure 
4. For Configurations 2, the temperatures between the 21 cm thick masonry wall and 
the exterior insulation board (in the test setup) are shown as well. These 
temperatures represent the temperatures at the symmetry axis of the configuration. 
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The results obtained for an exterior surface temperature equal to approximately 8°C 
and 12°C are reported in Vereecken65. 
Determination of the convective heat transfer coefficient near a corner  
The proposed methodology for the determination of the convective heat transfer 
coefficient near a corner of a thermal bridge (see also Figure 1) was applied to the 
two thermal bridges shown in Figure 2.  As we were mainly interested in the profile 
near the corner, only the first 80 cm section near the corner was simulated. Besides, 
further away from the investigated corner, a modified air pattern at the junction 
between the test wall and the boarding could influence the results. The key 
component in the procedure was the Monte Carlo analysis wherein the thermal 
performance of the thermal bridge was simulated with HAMFEM.3 To do so, a 
number of input parameters were experimentally determined. The exterior surface 
temperature profiles measured in the experimental test setup (Figure 4) were 
imposed as Dirichlet boundary conditions in the simulations. A second input in the 
simulations was the radiative heat exchange between the interior surface and other 
surfaces in the environment, which was determined beforehand (Appendix 1). For the 
interior convective heat transfer, a separate approach was applied. This convective 
heat exchange was implemented as a Neumann boundary condition, containing the 
experimentally measured interior air temperature and a convective heat transfer 
coefficient. For the latter, the Monte Carlo analysis was performed by applying a set 
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of local interior convective heat transfer coefficient profiles. The course of the local 
convective heat transfer coefficient was assumed and described by equation (6):  
 
 ℎ
 = ℎ 1 − 1 − ℎ,ℎ  ∙  
− ∙ 
   (6) 
 
where hc is the convective heat transfer coefficient away from the corner (W/(m²K)), 
hc,corner is the convective heat transfer coefficient in the corner (W/(m²K)), k is a 
parameter defining the slope of the profile (-), d is the wall thickness (m) and x (or y 
for the second wall surface of the thermal bridge) the distance from the interior corner 
(m), as shown in Figure 5. Parameters hc, hc,corner and k in equation (6) were 
unknown in the Monte Carlo analysis. The convective heat transfer coefficient in the 
interior corner (x or y = 0) was equal for the x- and y-direction. Hence, for the 
convective heat transfer coefficient across both wall surfaces, five unknown 
parameters remained: hc,corner, hcx, kx, hcy and ky. The output variables in the 
numerical analysis were the interior surface temperatures. The aim of the Monte 
Carlo analysis was the inverse determination of the values for the five unknown 
parameters mentioned above, via minimisation of the summed square error between 
experimentally and numerically obtained interior surface temperatures. In addition to 
the parameters describing the profile of the convective heat transfer coefficient, other 
variables could be included as well in the Monte Carlo analysis. This could be of 
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interest in cases of an uncertainty on the parameters that describe the test 
configuration (e.g., material properties and dimensions) or the implemented boundary 
conditions (e.g., exterior surface temperature and indoor air temperature). In the 
current study, the heat conductivity of the plaster and the masonry were not 
accurately known and, thus, were considered as additional unknown parameters in 
the Monte Carlo analysis. The heat conductivity of the plaster was assumed to lie 
between 0.5 and 1.5 W/(mK). The minimum and maximum thermal conductivity of the 
masonry were set at 0.9 and 1.1 W/(mK) respectively, as derived from a 
complementary heat flux measurement. For the parameters indicating the heat 
conductivities, a uniform distribution was assumed in the Monte Carlo simulations. 
The distributions of other input variables in the first Monte Carlo analysis were as 
follows: hc,corner = U(1,5), hcx = U(2,6), hcy = U(2,6), kx = U(1,10), ky = U(1,10), where 
U(a,b) indicates a uniform distribution between a and b. Although a correlation 
between the parameters hc, hc,corner and k is plausible, no correlation was taken into 
account in the current study. This was primarily because the complex boundary 
conditions in the test setup (i.e., cooled surface between warmer cellular concrete 
boards) had complicated a simple reasoning on the air flow pattern in the test room 
and, hence, boycotts a reliable argumentation of the potential correlations. At the end 
of the Monte Carlo analysis though, results with hc,corner larger than hc,x/y were 
discarded. For each Monte Carlo analysis 600 samples were created by use of a 
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maximin Latin Hypercube sampling scheme.66 To achieve steady-state conditions, a 
four-day period was simulated for each run. In the experiment, the measurement data 
were extracted after achieving steady-state, which was detected by continuously 
logging the temperatures. 
For each of the unknown parameters, its correlation with the summed square error 
was investigated based on a scatter plot63. If a correlation was observed, a new 
Monte Carlo analysis was performed wherein a smaller interval was applied for the 
relevant unknown parameter. This iterative process thus allows a reduction of the 
spread in plausible results for the convective heat transfer coefficient profile. To 
reduce the required computational time for the Monte Carlo analysis, an advanced 
sampling technique64 can be applied.   
 
Figure 5. Parameters in equation (6), representing the spatial profile of the convective heat 
transfer coefficient. 
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RESULTS 
Air and local interior surface temperatures 
The air temperatures (measured with the thermocouple shielded with tin foil) obtained 
in the test setup were 20±0.8 and 20±0.4°C during the entire measurement duration 
for Configurations 1 and 2, respectively. By selecting a shorter time period during the 
steady-state period, the inaccuracy could be reduced to ±0.1°C. 
The local interior surface temperature measured in the experiments is shown in 
Figure 6. The lower temperature at the corner was clearly visible. For the exterior 
non-insulated wall (Configuration 1), the temperature in the interior edge was much 
lower compared with the results for Configuration 2. Further away from the corner, a 
smaller difference between the surface and air temperature occurs for the walls of 
Configuration 2.  
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a) 
 
b) 
 
Figure 6. Temperature at the interior surface of the different configurations (see Figure 2). The 
indices x and y refer to the directions shown in Figure 3. The markers indicate the 
measurement points. 
 
Radiative heat exchange 
The radiative heat exchange was calculated as explained in Appendix 1 and is 
shown in Figure 7 for the two different configurations. A negative value for the 
radiative heat exchange implies that the heat transfer was to the surface; the 
temperatures of enclosing surfaces (boarding, ceiling, floor, cellular concrete layer 
above and below the masonry layer) were higher than those of the test wall. The 
interior surface temperature for the 21 cm thick masonry wall (y) of Configuration 1 
was lower than for the thicker wall (x), and the radiative heat exchange to the former 
wall was hence larger. For Configuration 2, further away from the corner, almost no 
Postprint: Vereecken E, Janssen H, Roels S. 2018. A determination methodology 
for the spatial profile of the convective heat transfer coefficient on building 
components. Indoor and Built Environment 27(4), 512-527. DOI: 
10.1177/1420326X16677330 
26 
 
net radiative heat exchange occurred. Near the corner (where Tx > Ty, see Figure 
6(b)), the net radiative heat exchange to the exterior wall (x) was smaller than to the 
interior wall (y). 
 
a) 
 
b) 
 
Figure 7. Radiative heat exchange for the two configurations (Figure 2). The indices x and y 
refer to the directions shown in Figure 3. 
Spatial profile of the local convective heat transfer coefficient 
To determine the spatial profile of the local convective heat transfer coefficient, the 
scatter plots for the different unknown parameters in the Monte Carlo analysis were 
drawn. These plots show the effect of each parameter on the square of the sum of 
the squared differences between the measured and simulated temperatures, where 
the square was taken to show a potential minimum more clearly. As an example, 
Figure 8 shows the scatter plot obtained for hcx for Configuration 1. The plot shows a 
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minimum in the range between 2.7 and 4.8, indicating a smaller error in this range. 
Therefore, based on the scatter plot, the search interval for the input variable hcx was 
reduced. The next Monte Carlo analysis was accomplished with reduced intervals for 
the unknown parameters, and an iteration was performed until the minimum could no 
longer be observed in the scatter plots. In this way, the band of plausible output 
results could be reduced. Figure 9(a) and (b) show the envelopes of the ten 
convective heat transfer profiles with the lowest summed squared errors (and with 
hc,corner smaller than hcx/y) for the two configurations. Figure 9(a) shows the envelope 
obtained based on the first and the final Monte Carlo analysis for Configuration 1. 
Based on the results of the final Monte Carlo analysis, a fairly small spread on the 
convective heat transfer coefficient was found. The envelopes could provide no 
information about the combinations for hc,corner, hcx/y and kx/y. Therefore, the profiles 
with the lowest (A) and second lowest (B) summed square errors are shown as well.  
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Figure 8. Scatter plot of the first Monte Carlo simulation performed for Configuration 1 (exterior 
corner, see Figure 2(a)): input variable hcx. 
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a) 
 
b) 
 
c) 
 
d) 
 
Figure 9. Local convective heat transfer coefficient for the two configurations (see Figure 2). 
The indices x and y refer to the directions shown in Figure 3. (A, B = course with respectively 
the lowest and second lowest summed square error). Additionally, for Configuration 1, the 
profiles obtained based on the inverse determination methodology as applied by Erhorn and 
Szerman24 were plotted.  
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As mentioned in the introductory section, the spatial profile of the local heat transfer 
coefficient had already been studied by Erhorn and Szerman.24 The outcome 
achieved based on their inverse determination methodology is shown in Figure 9(a) 
and Figure 9(b) as well for Configuration 1 (by square markers). These profiles show 
a physically unrealistic course near the corner, due to factors such as the inaccuracy 
of the measured temperature profile in combination with a high numerical sensitivity. 
However, the convective heat transfer coefficient further away from the corner gives 
a good indication of the expected magnitude of hcx, hcy. 
Since a smaller interval for the input variables did not result in a significant influence 
on the envelopes for Configuration 2 (Figure 9(c) and 9(d)), only the results of the 
final Monte Carlo analysis are shown.  
For Configuration 2 (Figure 9(c) and 9(d)), the convective heat transfer coefficient in 
the corner tended to reach the minimum value applied in the analysis. This is clearly 
visible in the scatter plots as well (see Figure 10). For the convective heat transfer 
coefficient further away from the corner, a large spread was found. In a second 
Monte Carlo analysis (not shown), the minimum and maximum convective heat 
transfer coefficient in the corner were reduced. Additionally, for kx and ky, a larger 
interval was implemented to allow a sufficiently fast increase of the convective heat 
transfer coefficient. As expected, this resulted in a convective heat transfer in the 
corner approaching zero. The large spread for the convective heat transfer coefficient 
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further away from the corner remained. Although a low convective heat transfer 
coefficient in the corner is plausible, high numerical sensitivity to factors such as the 
small temperature difference and small measurement inaccuracies could lead to an 
unreliable result. The small difference between surface and air temperature seems to 
compromise the applicability of the proposed methodology. Hence, for this boundary 
condition, the accuracy of the results is questionable. 
 
 
Figure 10. Scatter plot of the first Monte Carlo simulation performed for Configuration 2: input 
variable hc,corner.  
 
DISCUSSION 
In this paper a methodology to determine the spatial profile of the local convective 
heat transfer coefficient was proposed and applied to two thermal bridges. Although 
the methodology seems promising when comparing the results for Configuration 1, 
the large spread in results for Configuration 2 indicates that still some improvements 
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are required. A number of assumptions and simplifications together with the main 
remarks are discussed below. 
Choice of the profile description 
For the spatial profile of the convective heat transfer coefficient, the exponential 
profile described by equation (6) was assumed. This profile was based on the 
exponential profile for the total heat transfer coefficient near a corner as suggested 
by Erhorn and Szerman.24 Given the exponential profile for the total heat transfer 
coefficient and for the radiative heat transfer coefficient,65 an exponential profile for 
the convective heat transfer coefficient is highly plausible as well.  
Erhorn and Szerman24 assumed that the wall thickness could influence the slope of 
the profile of the local heat transfer coefficient. In the current study, the wall thickness 
was implemented in the exponential profile for the local convective heat transfer 
coefficient as well. However, since parameter k in equation (6) was implemented as a 
variable which can have a different value for the 31.5 cm and the 21.5 cm thick 
masonry wall, the slope of the profile was not necessarily determined by the wall 
thickness in the numerical analysis. An overview of parameters hc,corner, hcx/y, and kx/y 
for the cases with the lowest and second lowest summed square errors is given in 
Table 1. For the most appropriate profiles determined in this paper, in general, 
parameter kx was different from ky. Hence, no evidence for the dependency on the 
wall thickness was found.  
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For certain cases, other mathematical functions such as a polynomial function could 
be preferred to describe the profile of the heat transfer coefficients. This is especially 
true for more realistic cases in which windows or heating systems are present, and 
for other applications.  
 
Table 1. Overview of the convective heat transfer in the corner (hc,corner), the convective heat 
transfer coefficient away from the corner (hcx/y) and the parameter defining the slope of the 
profile (kx/y) determined for the two configurations.  
 Lowest  
summed square error 
Second lowest  
summed square error 
 hc,corner hcx hcy kx ky hc,corner hcx hcy kx ky 
Configuration 1 3.35 3.94 3.93 5.05 3.85 3.28 3.46 3.73 8.95 5.35 
Configuration 2 0.58 1.92 4.42 3.85 2.05 0.58 1.92 4.58 7.15 2.05 
 
Profile selection 
The envelopes of plausible convective heat transfer coefficient profiles are defined 
based on the ten simulations with the smallest summed square errors. Another 
approach could be to use the profiles with a summed square error lower than a 
specific value. Due to the difference in summed square error, no general conclusion 
can be drawn based on the spread in results obtained for the different configurations 
and exterior surface temperatures. 
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Sensitivity analysis and literature comparison 
In the current study, the measured temperatures were used as exact values. In fact, 
an inaccuracy was expected due to the thermocouple itself, the fixation of the 
thermocouple, etc. To show the potential impact of this inaccuracy, an uncertainty 
analysis was performed for configuration 1 by assuming two worst case scenarios 
defining the highest positive and negative differences in the flux. To this end, the 
indoor air temperature and the surface temperature measured at the exterior 
surfaces, the interior surfaces and the other surfaces in the test environment 
(resulting in radiative heat exchange) were modified by the positive/negative errors 
given in Table 2. A patterned error on the thermocouples (e.g., all thermocouples at 
the interior surface measure a temperature that is 0.1°C higher) and a simultaneous 
appearance of all the deviations defined in Table 2 are rather unlikely. In this way, 
the two defined scenarios can definitely be seen as worst case scenarios. The 
uncertainty of 0.1°C assumed in the analysis was based on the uncertainty of the 
thermocouples after an individual calibration. As in the current study extra attention 
was paid to proper positioning of the thermocouples, the additional inaccuracy due to 
this positioning was assumed of minor importance in our test case. For both 
scenarios the proposed determination methodology was applied. The envelope 
achieved based on the lowest (scenario 1) and highest (scenario 2) convective heat 
transfer profiles (out of the ten convective heat transfer profiles with the lowest 
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summed square error found for scenarios 1 and 2, respectively) is shown in Figure 
11. Additionally, the profiles resulting in the first and second lowest summed square 
errors in the original study were replotted. An acceptable range on the convective 
heat transfer profiles was obtained. The order of magnitude of the convective heat 
transfer coefficients further away from the corner was in agreement with the selection 
of literature data10,13,19-22,68-74 shown in Figure 11.   
 
Table 2. Temperature deviations assumed in the two worst case scenarios in the uncertainty 
analysis  
 Exterior 
surface 
temperature 
(°C) 
Interior surface 
temperature 
(°C) 
Indoor air 
temperature 
(°C) 
Temperature 
at the other 
enclosing wall 
surfaces (°C) 
Scenario 1 +0.1 -0.1 +0.1 +0.1 
Scenario 2 -0.1 +0.1 -0.1 -0.1 
 
Inaccuracy implementation 
The proposed methodology allows a direct implementation of certain inaccuracies. 
For instance, the noise on the exterior surface temperature or indoor air temperature 
could be included as an input variable in the Monte Carlo analysis. Furthermore, a 
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lower and upper experimentally determined interior surface temperature course could 
be defined based on potential inaccuracies. The simulated temperature course has to 
fall between this lower and upper course. Parameter sets corresponding to a 
temperature course that falls outside this lower and upper bound could be penalized 
in the scatter plots. Recall that when applying the inverse determination method of 
Erhorn and Szerman,24 small inaccuracies of the measured interior surface 
temperature can – especially near the corner – have a significant impact on the 
spatial profile of the heat transfer coefficient. The indirect way of inaccuracy 
implementation in the novel methodology presented in the current paper is more 
flexible and less sensitive to small inaccuracies.  
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a) 
 
b) 
 
Figure 11. Worst case uncertainty range for the local convective heat transfer coefficient for 
Configuration 1 (see Figure 2), obtained for the worst case scenarios defined in Table 2. The 
indices x and y refer to the directions shown in Figure 3. A, B = course with respectively the 
lowest and second lowest summed square error in the original case. Additionally, a selection 
of literature data10,13,19-22,68-74 is shown.   
Black box tool 
In the current methodology the physical phenomena influencing the convective heat 
transfer are not entirely included. As shown in Vereecken65, physically unrealistic 
profiles for the convective heat transfer coefficient could result in a good agreement 
between the experimentally and numerically obtained surface temperature. This 
shows that, to obtain reliable results, the methodology should not be applied as a 
black box tool.  
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General validity of results 
In the current analysis, the spatial profiles of the local heat transfer coefficient were 
determined solely for the test setups. Due to the warmer surfaces of the cellular 
concrete board above and below the cooled masonry strip in these experimental test 
setups, air movements caused by buoyancy and other forces may have been more 
pronounced than in real buildings. This could influence the values of the convective 
heat transfer coefficient. In practice, the heating system, furniture, the air circulation 
in the room, the surface temperature distribution, etc. could influence the heat 
transfer coefficient. Hence, the spatial profiles of the convective heat transfer 
coefficient determined in the current paper, as any experimentally determined heat 
transfer coefficients, are not generally applicable.  
CONCLUSIONS 
The brief literature review at the start of this paper showed that the existing 
measurement procedures for the convective heat transfer coefficient have some 
drawbacks when one wants to determine the spatial profile of the local convective 
heat transfer coefficient for building components. Therefore, a methodology based on 
a combination of experimental work and a Monte Carlo analysis was developed. An 
advantage of this method is that neither heat flux meters nor artificial heating would 
be needed. Furthermore, random noise (e.g., uncertainty in configuration and 
material properties) could be added based on the Monte Carlo analysis. 
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In this paper, the spatial profile of the local convective interior heat transfer coefficient 
was determined for (1) an exterior corner, and (2) a junction between an exterior wall 
with interior insulation and a non-insulated interior wall. The applicability of the 
proposed methodology was shown for Configuration 1. The convective heat transfer 
coefficients further away from the corner corresponding to the lowest summed square 
errors was approximately 4 W/(m2K) for Configuration 1. This value falls in the same 
order of magnitude as the values obtained based on the method of Erhorn and 
Szerman and found in other research studies.13,20-22,68-74 The estimated convective 
heat transfer coefficient in the corner of Configuration 1 was 3.35 W/(m2K). The 
estimated values were however determined for a specific case and are hence not 
generally applicable. 
Notwithstanding its applicability for Configuration 1, the proposed method may not be 
used as a black box tool. For Configuration 2, widely varying results were obtained 
because of the smaller difference between the surface and air temperatures. Finally, 
the proposed methodology has the potential to be used in other applications.     
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APPENDIX 1 
The total heat flux qtot between a surface and the environment includes a convective 
(c) and a radiative (r) part, as defined in equation (7): 
 
 !! =  +  (7) 
 
As mentioned before, convection and radiation are two different physical 
phenomena. Hence, a separate approach is required initially. This Appendix 
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describes the calculation of the radiative heat exchange, which is one of the inputs in 
the proposed methodology.  
Radiative heat exchange is attributed to surfaces with different temperatures. Due to 
the conservation of energy principle, the net heat transfer from a surface is equal to 
the net heat transfers from this surface to the other surfaces in the enclosure. For an 
enclosure with N surfaces, the net heat transfer from surface i can be described by 
equation (8):12   
 
 
# = $ #→&
'
&()
= $ *+→&,- − -&.
'
&()
 (8) 
 
where Qi→j is the heat transfer from surface i to surface j (W), Ai is the surface area 
(m²), Fi→j is the view factor and Ji/j is the radiosity of surface i/j (W/m²). To determine 
the view factors Fi→j, the model developed by Lauzier and Rousse67 was used. In the 
determination, the first ten centimetres near the corner were subdivided in elements 
with a width equal to 5 mm. At a larger distance from the corner (> 10 cm), the mesh 
width was set to 5 cm. The net heat transfer from surface i can also be defined by 
equation (9) as:12 
 
 # = *1 −  /
0 − -
 (9) 
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where ei is the emissivity of surface i (-), σ = 5.67 x 10-8 W/(m²K4) and Ts is the 
surface temperature (K). In the current study, the emissivity was taken as 0.9.  
In the calculation of the radiative heat exchange, the surfaces that were taken into 
account included not only the studied wall surfaces, but also the surfaces above and 
below the masonry layer, the boarding surface, the floor and the roof. For the local 
interior surface temperatures on the test walls and the boarding, the temperatures 
measured by the thermocouples were used, which are shown in Figure 6 for the test 
wall. For the other wall parts in the test setup a surface temperature of 20°C was 
assumed. A slightly different surface temperature for these parts was found to have a 
negligible influence on the determination of the radiative heat exchange.  
Combining equations (8) and (9) with the interior surface temperature interpolations 
(Figure 6) allows the determination of the radiosity of the different subsurfaces and 
hence of the net heat exchange for each mesh element.  
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